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We established a thermodynamic database for performance assessment of geological
disposal of high-level radioactive and TRU wastes. We prepared text files of the
thermodynamic database (JAEA-TDB) for geochemical calculation programs of PHREEQC,
EQ3/6 and Geochemist’s Workbench. These text files are contained in the attached CD-ROM
and will be available on our Website (http://migrationdb.jaea.go.jp/).
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1. Introduction

Many radionuclides are contained in high-level radioactive waste (HLW) and are part of
TRU waste packages and some of them have long half-lives (more than 10* year). It is
necessary to estimate the solubility of the radionuclides in ground waters and pore waters in an
engineered barrier system for performance assessment of geological disposal of HLW and TRU
wastes. Thermodynamic data, e.g., the equilibrium constant of solubility limiting solids at
standard state (i.e. ionic strength of 0), are needed to estimate the solubility and aqueous species
in the groundwater and porewater, and also data are fundamental information to estimating
sorption and diffusion behaviors of chemical species on/in engineered barriers and host rocks.
Therefore, the most reliable thermodynamic data should be integrated to carry out the reliable
performance assessment by an implementation and regulatory organizations.

Japan Atomic Energy Agency (JAEA) has developed the thermodynamic database
(JAEA-TDB) for the performance assessment of geological disposal of radioactive waste .
Main part of the thermodynamic data in JAEA-TDB were selected and estimated by JAEA,
however, some part of therm were taken from data selected by the Nuclear Energy Agency
(NEA) in the Organisation for Economic Co-operation and Development (OECD) ? and those
selected by Japan Nuclear Cycle Development Institute (JNC; one of the predecessor of JAEA)
% The thermodynamic data were compiled and converted to be available for use of
geochemical calculation programs (shown in Tables 18 and 19 in the TDB report V).

We prepared text files ready for use of some geochemical calculation programs, e.g.,

PHREEQC ¥, EQ3/6 ® and Geochemist’s Workbench ©.
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2. Brief Summary on Development of JAEA-TDB

Selection of thermodynamic data for JAEA-TDB was performed on the basis of the
fundamental plan ¥, the content of which was briefly described below.

Selection of equilibrium constant of reaction at standard state (K° was obligatorily
performed, and selection of other thermodynamic values on enthalpy, entropy and heat capacity
was recommended.

Thermodynamic data for chemical compounds and species for radioelements with
naturally occurring elements (e.g., halogen, oxygen, carbon, nitrogen, sulfur, phosphorus) and
some organic ligands were selected. Other thermodynamic data which were needed to select
were quoted from those called “Auxiliary Data” selected by the NEA 2.

Review and selection of thermodynamic values obtained from experimental data should
be based on the “TDB-1" guideline by the OECD/NEA . Thermodynamic values or
databases selected by the NEA 2 and Lothenbach et al. ®, which were based on the “TDB-1"
guideline ”, could be selected to the JAEA-TDB after surveying the latest literature and
checking consistency of the value in the database. Otherwise review and selection of
thermodynamic values should be performed after surveying the literature to collect proposed
thermodynamic data.

Application of chemical analogues and models should be considered to obtain
thermodynamic values for some species for which there has been no published experimental
data. Some unreliable thermodynamic values, which are important for the performance
assessment of geological disposal of radioactive wastes, may be selected as tentative values
while specifying their reliability and the needs for the values to be determined.

All thermodynamic values should be standardized at 298.15 K and at zero ionic strength,
using the Brgnsted-Guggenheim-Scatchard Model (usually called the “specific ion interaction

theory (SIT)”) ? for correction of ionic strength.
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3. Preparation of Text Files for JAEA-TDB

3.1 Text File for PHREEQC

We prepared a text file of JAEA-TDB for the geochemical calculation program
“PHREEQC” using that of INC-TDB *¥. Equilibrium constants listed in Tables 18 and 19 in
the TDB report » were installed into the PHREEQC format as shown in the following figure.

# Ref. 30
+1.0 Np+4 +2.0 CO3-2 +2.0 H20 -2.0 H+ = Np(CO3)2(OH)2-2
log k 16.387

# Error 1.210

Figure 1 Example of JAEA-TDB for PHREEQC format

Four lines are occupied for each reaction. The first line shows the number of the
referred literature listed in the last part of the text file and corresponding to the TDB report V.
The second and third lines show the reaction and its logarithm of equilibrium constant. The
fourth line shows an error (i.e. uncertainty) of the equilibrium constant. Although it is still
difficult to handle error propagation in the geochemical calculation programs, users can find
reliability of the selected equilibrium constants and trace procedure of the data selection.

We published the first version of PHREEQC format named “100331c0.tdb” on our

Website (http://migrationdb.jaea.go.jp/). However, we found some errata in the TDB file,

hence we corrected the file and updated with the file name of “100331c1.tdb”. The corrected
contents are summarized in Table 1, and revised tables are shown in Appendix.

We recognize that the latest version of PHREEQC (Ver. 2.17; published in February,
2010) contains the subroutine for ionic strength correction by the SIT. Using the SIT,
however, is not currently applicable to the present text file for JAEA-TDB due to
insufficiency of ion-interaction parameters. We will try to update the text file after

developing all ion-interaction parameters.
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3.2 Text File for EQ3/6
We prepared a text file of JAEA-TDB for the geochemical calculation program “EQ3/6”

using that of INC-TDB .  Equilibrium constants listed in Tables 18 and 19 in the TDB report

Y after correcting errata shown in Table 1 were installed into the EQ3/6 format as shown in the

following figure.

Np (C03) 2 (OH) 2--
Sp.type = aqueous
revised =
charge = -2.0
4 element (s) :
1.0000 Np 2.0000 C 2.0000 H
8.0000 O
5 species in reaction:
-1.0000 Np(CO3)2(0H)2-- 1.0000 Np++++
2.0000 CO3-- 2.0000 H20
-2.0000 H+
**%*% logK grid [0-25-60-100C @1.0132bar; 150-200-250-300C @Psat-H20]:
-16.3870 -16.3870 -16.3870 -16.3870
-16.3870 -16.3870 -16.3870 -16.3870

* Error 1.210
* Ref. 30

Figure 2 Example of JAEA-TDB for EQ3/6 format
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3.3 Text File for Geochemist’s Workbench

We prepared a text file of JAEA-TDB for the geochemical calculation program
“Geochemist’s Workbench” using that of JINC-TDB *%.  Equilibrium constants listed in Tables
18 and 19 in the TDB report ¥ after correcting errata shown in Table 1 were installed into the

Geochemist’s Workbench format as shown in the following figure.

* Ref. 30
Np (CO3) 2 (OH) 2--
charge= -2.0 ion size= 0.0 A mole wt.= 391.0325 g
4 species in reaction
1.000 Np++++ 2.000 CO3-- 2.000 H20
-2.000 H+

-16.3870 -16.3870 -16.3870 -16.3870
-16.3870 -16.3870 -16.3870 -16.3870
* Error 1.210

Figure 3 Example of JAEA-TDB for Geochemist’s Workbench format
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4. Conclusions

We carefully prepared the text files of JAEA-TDB available for the geochemical
calculation programs of PHREEQC, EQ3/6 and Geochemist’s Workbench. Some errata in the
first version of text file for PHREEQC were corrected. The prepared files are contained in the

attached CD-ROM and will be uploaded onto JAEA’s Website (http://migrationdb.jaea.go.jp/).
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Appendix. Revised Thermodynamic Data Compiled for JAEA-TDB

Table A1 Selected equilibrium constants of aqueous species for JAEA-TDB ready to use for

the geochemical calculation programs (revised from Table 18 in the TDB report »)

Reaction

logye K°

-
D
—h

tv. T

2H" +2¢e < Hy(aqg)

-3.150

H,0(l) ~ H + OH"

-14.001 + 0.015

2H,0(l) = O,(aq) +4H +4 ¢

-86.080

Li* + S0, = LiSO, 0.640
B(OH)s(aq) = H,BOz + H” -9.240
B(OH)s(aq) + F = BF(OH)s' -0.400
B(OH)s(aq) + 2 F + H* = BF,(OH), + H,O(l) 7.628
B(OH)s(aq) + 2H" + 3F < BF;0H + 2 H,0(l) 13.666
B(OH)s(ag) + 3H" + 4 F — BF, + 3 H,0(l) 20.274

CO;> +H" = HCOy

10.329 +0.020

COz¥ + 2 H" = CO,(aq) + H,0(l)

16.683 + 0.028

COs* + 10 H' + 8¢ = CHy(aq) + 3 H,O(l)

41.071

CO3% +NOy + 12 H" + 10 e « CN™ + 6 H,0(l)

108.129 + 0.455

NOg + 10 H* + 8¢ = NH," + 3 H,0(l)

119.134 +0.089

NOy + 2 H'+2¢ = NO, + H,0(l)

27.776 £ 0.075

o

3NO; +18 H*+16e < N3 +9 Hzo(l)

254.672 +0.418

3NO; + 19 H +16¢e - HNs(aq) + 9 H,O(l)

259.372 +0.382

WIW W W WL W W L[WWNNWIRNININGLINRNW|IN N W W W w w w wNw

NH," = H*+ NHs(aq) -9.237 +0.022

NH," + SO, < NH,S04 1.052

F*+H < HF(aq) 3.180 + 0.020

2F +H" = HF, 3.620 £ 0.122

Na'+ CO;> = NaCOjs 1.268

Na* + COs® + H" = NaHCO;(aq) 10.080

Na* + S0,% = NaSO, 0.700 + 0.050 3,11
Na*+ H* + PO,* < NaHPO, 12.636

Mg? + H,0(l) = MgOH* + H* -11.794

Mg?" + CO5% — MgCOs(aq) 2.981 + 0.030 3,11
Mg?* + SO,% = MgSO,(aq) 2.250

Mg + PO, < MgPO, 6.589

Mg? + H* + PO,> < MgHPO,(aq) 15.216

Mg? + 2 H" + PO, < MgH,PO," 21.066

Mg® + F < MgF* 1.820

AP + H,0(l) - AIOH* + H* -4.990 * 0.020 3,11
AP + 2 H,0(l) = AI(OH)," + 2 H* -10.100 * 0.200 3,11
AP + 3 H,0(l) < Al(OH)4(aq) + 3 H* -16.000 3
AP + 4 H,0(l) = AI(OH), +4H" -23.000 3
AP +F < AIF? 7.010 3
AP +2F < AR, 12.750 3
AP +3F < AlF;(aq) 17.020 3
AP +4F < AIF, 19.720 3
AP +50,% < AlSO," 3.020 3
AP +250,% < Al(SOy), 4,920 3
H,Si04(aq) = H,Si0* +2 H* -23.140 + 0.090 2

-12 -
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*1

Reaction logyo K° ref. |tv.
H,SiO4(aq) = H3Si0, + H* -9.810 + 0.020
2 H,Si0,4(aq) = H,Si,07% + H,0(l) + 2 HY -19.000 + 0.300
2 H,Si0,4(aq) < HsSi,07 + H,O(l) + H* -8.100 + 0.300

3 H,Si04(aq) < HsSis0s + 3 H,O(l) + 3H*

-28.600 + 0.300

3 H,Si04(aq) < HsSis01™ + 2 HO(I) + 3HY

-27.500 + 0.300

4 H,Si04(aq) < HaSis0" + 4 H0(l) + 4 HY

-36.300 + 0.500

4 H4S|O4(aq) = H58i40123_ +4 Hzo(l) +3H"

-25.500 + 0.300

4 H,Si04(aq) < Hi3Sis06 + 3 H*

-34.901

HsSiOs(aq) + 4 H" + 6 F « FeSiZ + 4 H,0(l)

30.180

2P0 + 2 H" = P,0* + H,0(l)

21.314 +0.890

PO,* + H' = HPO,”

12.350 £ 0.030

PO +2H' = H,PO,

19.562 + 0.033

PO,> +3H" < HyPO4(aq)

21.702 £0.176

2P0O,* +3H" = HP,0,> + H,O(I)

30.714 + 0.660

2P0 +4H" = HyP,0:% + Hy0(l)

37.364 + 0.652

2P0O,* +5H" < HyP,07 + Hy0(l)

39.614 +0.635

2P0, + 6 H" = H,P,0,(aq) + H,0()

40.614 +0.391

HS = S* +H*

-19.000 + 2.000

S0 +2H" +2€e « SO5% + H,0(l)

-3.397 £0.701

250, +10H" + 8¢ = S,05% +5 H,0(l)

38.013 +1.985

S0Z+9H" +8e « HS +4H,0(l)

33.692 +£0.378

HS + H" = H,S(aq) 6.990 + 0.170
S0:% + H' = HSOy 7.220 +0.080
5,05 + H" = HS,05 1.590 + 0.150
0.5 5,057 + 1.5 H,0(l) = H,SO3(aq) + H" + 2 e -13.344 +0.710
S0,Z +H" = HSO, 1.980 + 0.050

5042- + C032_ +NO3 +20H" +16 e = SCN + 10 H,0(l)

156.972 £ 0.715

Cl+H,0(l) = CIO +2H" +2¢"

-57.933 +0.170

Cl+2H,0(l) = ClO, +4H" +4¢

107.874 +£0.709

CI'+3H,0(l) = ClIO; +6H " +6¢

146.238 + 0.236

Cl'+4H,0(l) = ClIO; +8H"+8¢

-187.785 + 0.108

ClI'+ H,0O(l) = HCIO(aq) + H" + 2 ¢

-50.513 + 0.109

Cl + 2 H,0(l) = HCIO,(ag) + 3H" + 4 ¢

105.913 +£0.708

WL NN RININ NN RNNN RN RNNNNRNRNNN RN RNRNNN W WINN N RNRNNN

K*+ 50, = KSO4 0.850 # 0.050 3,11
K*+H"+ PO, = KHPO, 12.636

Ca?* + H,0(l) = CaOH* + H* -12.850 + 0.500 12
Ca®" + S0,% ~ CaSO,(aq) 2.309 3
Ca** +PO,> = CaPO, 6.459 3
Ca®* + H* + PO,> = CaHPO,(aq) 15.085 3
Ca** +2H"+PO,> = CaH,PO,* 20.961 3
Ca® +F  CaF' 0.940 3
Mn?* + H,0(l) = MnOH* + H* -10.590 + 0.040 3,1
Mn?* + 3 H,0(l) = Mn(OH); + 3 H* -34.800 3
Mn? < Mn** +¢ -25.507 3
Mn? + 4 H,0(l) = MnO,> +8H'+4¢ -118.440 3
Mn?* + 4 H,O(l) <= MnO, +8H" +5¢ -127.824 3
Mn* +F < MnF* 0.850 3
Mn? + CI" = MnCI* 0.607 3
Mn? + 2 CI" <= MnCl,(aq) 0.041 3
Mn?* + 3 CI" < MnCly -0.305 3
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Reaction logyo K° ref. |tv.
Mn?* + 2 NOg = Mn(NO3)»(aq) 0.600 3

Mn? + S0,% < MnSO,(aq) 2.260 3

Mn?* + CO;% + H" = MnHCO;" 11.600 3

Fe*" + H,0(l) — FeOH* + H* -9.500 + 0.100 3,1

Fe?* + 2 H,O(l) < Fe(OH),(aq) + 2 H" -20.570 + 1.000 3,11

Fe?* + 3 H,0(l) = Fe(OH)y + 3 H* -31.000 * 1.500 3,11

Fe?* + S0,% < FeSO,(aq) 2.250 3

Fe?* + 2 HS™ — Fe(HS),(aq) 8.864 3

Fe?* + 3HS « Fe(HS)y 10.858 3

Fe?* + H" + PO,> — FeHPO,(aq) 15.946 3

Fe?* + 2 H" + PO,* = FeH,PO," 22.253 3

Fe?* - Fe* +¢ -13.032 +0.010 3,1

Fe* + H,0(l) — FeOH?" + H* -2.188 +0.020 3,1

Fe** + 2 H0(l) = Fe(OH)," + 2 H* -5.668 + 0.100 31

Fe3* + 3 H,0(l) = Fe(OH)s(aq) + 3 H* -13.598 3

Fe** + 4 H,O(l) < Fe(OH), + 4 H* -21.598 + 0.200 3,11

2 Fe® + 2 H0(l) = Fe(OH),* +2 H* -2.946 + 0.050 3,1
3Fe® + 4 H,0(l) « Fes(OH), ™ + 4 H* -6.304 +0.100 3,1

Fe** + CI" « FeCI* 1.482 3

Fe** + 2 CI" = FeCl," 2.132 3

Fe** + 3 Cl" = FeCly(aq) 1.132 3

Fe’* + SO,% « FeSO," 3.922 3

Fe** +2 50,5 « Fe(S0y), 5.422 3

Fe** + H" + PO, — FeHPO, 17.772 3

Fe** + 2 H" + PO,* = FeH,PO,* 24.982 3

Fe** + F « FeF? 6.232 3

Fe** +2F < FeR,' 10.832 3

Fe** +3F - FeFs(aq) 14.002 3

Co%* + H,0(l) = H*+ CoOH* -9.470 +0.020 13

Co?* + 2 H,0(l) = 2 H* + Co(OH),(aq) -18.000 + 1.100 13

Co?* + 3 H,0(l) = 3H"+ Co(OH); -31.500 + 0.500 13

2 Co? + H,0(l) = H* + Co,0H** -10.548 + 0.861 13 *
4 Co** + 4 H,0(l) < 4 H' + Coy(OH),* -27.371 £0.211 13 *
Co* +F  CoF* 1.470 £ 0.040 13

Co* + CI" = CoCI* 0.810 % 0.070 13

Co*" + HS* — CoS(aq) + H* 0.600 * 2.062 13

Co*" + HS™ « CoHS" 5.141 + 0.277 13 *
Co?" + SO, « CoS04(aq) 2.200 + 0.050 13

Co* + 250, = Co(SO,),* 2.870 % 0.050 13

Co* + NO;” = CoNO," -1.020 + 0.060 13

Co*" + NH;" - CoNHz*" + H* -7.037 +£0.102 13,2

Co* + 2 NH," = Co(NH3),>* + 2 H* -14.574 +0.205 13,2

Co* + 3 NH," = Co(NH3)s*" + 3 H* -22.311 + 0.405 13,2

Co* + 4 NH," = Co(NHg)>" + 4 H* -30.548 + 0.410 13,2

Co* +5NH," = Co(NH3)s*" + 5 H* -39.485 + 0.415 13,2

Co% + 6 NH," = Co(NHg)e®* + 6 H -49.522 +0.421 13,2

Co*" + H' + PO,> = CoHPO,(aq) 15.300 + 0.143 13,2

Co* + 2 H' +2P0,> = CoP,0,* + H,0(l) 29.985 + 0.966 13,2 | *
Co?* +3H*+2 PO, < HCoP,0; + H,0(l) 35.815 + 0.737 13,2 | *
Co* + H" + AsO,> — CoHAsO,(aq) 14.477 + 1.052 13,2 | *
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Reaction logy K° ref. [tv.?
Co%* + COz* = CoCO;(aq) 4.400 +0.100 13

Co* + H" + COg% = CoHCO;* 11.729 +0.201 13,2

Co?* +4 COs> +4NOy + 48 H" + 40 & — Co(CN),> + 24 H,0(I) 462.533 + 1.896 13,2 | *
Co* +5CO;> +5NO; + 60 H" + 50 & = Co(CN)s> + 30 H,0(1) 568.972 + 2.442 13,2 | *
Co*" + 50,7 + CO* + NO3 + 20 H' + 16 & — CoSCN" + 10 H,0O(l) 158.762 + 0.719 13,2 | *
Co%* +2 S0,% +2 CO3% +2 NOy +40 H* +32 & = COo(SCN),(aq) +20 H,O(l) |  316.609 + 1.435 13,2 | *
Co?" +3 S0,% +3 CO4* +3 NOy +60 H' +48 & < Co(SCN); +30 H,O(1) 473.909 + 2.157 13,2 | *
Ni%* + H,O(l) = H* + NiOH" -9.540 + 0.140 14

Ni?* + 2 H,0(l) = 2 H" + Ni(OH);aq) -18.029 13

Ni% + 3 H,0(l) = 3 H" + Ni(OH)3 -29.200 + 1.700 14

2 NiZ* + H,0(l) = H* + Ni,OH*" -10.600 + 1.000 14

4 Ni?* + 4 H0(l) = 4 H" + Niy(OH),* -27.520 + 0.150 14

NiZ* + F < NiF* 1.430 +0.080 14

NiZ* + CI" « NiCI* 0.080 + 0.600 14

Ni% + HS* < NiS(ag) + H* 0.723 +2.013 13,2 | *
Ni%" + HS = NiHS" 5.180 + 0.200 14

Ni%" + SO,* = NiSO,(aq) 2.350 % 0.030 14

NiZ* +2 50,2 < Ni(SO4),* 2.896 + 0.002 13 *
Ni?* + NO; = NiNO," 0.500 + 1.000 14

Ni%" + NH;* = NiNHg? + H* -7.015 £ 0.065 13,2 | *
NiZ* + 2 NH," = Ni(NH3),*" + 2 H* -14.542 +0.146 13,2 | *
Ni%* + 3 NH," = Ni(NH3)s?" + 3 H* -22.271 +0.327 13,2 | *
Ni% + 4 NH;" = Ni(NH3), 2" +4 H* -30.502 + 0.318 13,2 | *
NiZ* +5NH," — Ni(NH3)s*" + 5 H* -39.437 +0.321 13,2 | *
Ni?* + 6 NH," = Ni(NHg)s>" + 6 H* -49.479 % 0.340 13,2 | *
NiZ* + H" + PO, = NiHPO,(aq) 15.400 + 0.095 14,2

NiZ* + 2 H* + 2 PO, < NiP,0;* + H,0(l) 30.044 + 0.924 14,2

Ni%* + 3H* + 2 PO,> < HNiP,0; + H,0(l) 35.854 + 0.706 14, 2

Ni%" + H" + AsO,> = NiHAsO,(aq) 14.503 + 1.037 14, 2

Ni?* + CO4> < NiCOs(aq) 4.200 + 0.400 14

NiZ* + H" + CO3% < NiHCO;" 11.746 +0.174 13,2 | *
NiZ* + 4 NOy + 4 CO4> + 48 H" + 40 & = Ni(CN),* + 24 H,0(l) 462.716 + 1.824 14,2

NiZ* + 5 NO3 + 5 CO3> + 60 H  + 50 & = Ni(CN)s* + 30 H,0(l) 569.145 + 2.329 14,2

Ni** + NOg + COs” + SO,> + 20 H" + 16 & — NiSCN" + 10 H,0(l) 158.782 + 0.716 14,2

NiZ* +2 NOg +2 CO5% +2 SO,% +40 H" +32 & < Ni(SCN),(aq) +20 H,0(l) 316.634 + 1.432 14,2

Ni*" + 3 NO3 + 3 CO3% +350,% + 60 H" + 48 & = Ni(SCN); + 30 H,0(l) 473.936 + 2.153 14,2
AsO > +4H" +2¢e < AsO, +2 H,0(l) 30.859 + 0.993 2

AsO> +5H" +2 e < HAsO,(aq) + 2 H,0(l) 40.092 +0.993 2

AsOF +4H' +2€e = HAsOy + H,0(l) 30.809 + 0.993 2

AsO,> +5H" +2 e < HyAsO;(aq) + H,O(l) 40.024 + 0.994 2

AsO> + H' « HAsO,” 11.603 + 0.993 2

AsO,> + 2 H* = H,AsSO, 18.368 + 0.994 2

AsO,¥ + 3 H* = HyAsO4(aq) 20.630 +0.994 2

Se0,F +8H" +8e = Se + 4 H,0(l) 66.656 + 0.583 15
25e0,2 +16 H" + 14e = Se,” + 8 H,0(l) 158.632 + 1.213 15
35e0,% + 24 H" + 208 = Se;” + 12 H,O(l) 249.934 + 1.780 15
45e0,% +32H"+26e < Se,” + 16 H,0(l) 339.647 + 2.356 15

Se0,F + 2 H" +2e = Se05% + H,0(l) 28.039 +0.397 15

Se0,7 + 9 H" + 86 « HSe +4 H,0(l) 81.570 + 0.435 15

HSe + H" = H,Se(aq) 3.850 + 0.050 15
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Reaction logyo K° ref. |tv.
Zt*" +4ClI = ZrCl, -1.230 + 0.500 17
Zr*" + SO = ZrSO,% 7.040 + 0.090 16
Zr*" + 250, = Zr(SOu).(aq) 11.540 +0.210 16
Zr* + 350, < Zr(S04)s> 14.300 + 0.500 16
Zr*" + NOy = ZrNOz* 1.590 + 0.080 16
Zr* + 2NOy < Zr(NOg),% 2.640 +0.170 16
Zr* + 3NO; < Zr(NOj)s* 1.040 + 1.500 17 *
Zr* + 4 COs% « Zr(COy)," 42.900 + 1.000 16
Zr** + 2 Ca®*+ 6 H,0(l) — Cay[Zr(OH)]** + 6 H* -22.606 + 0.313 18
Zr*" + 3 Ca?*+ 6 H,0(l) = Cas[Zr(OH)s]** + 6 H* -23.206 + 0.313 18
Nb(OH)s(aq) + H,O(I) = Nb(OH)g + H* > -6.758 1
MoO,> +8H" +3e = Mo® + 4 H,0(l) 29.390 19
MoO,% + H* = HMoO, 4.100 + 0.100 20
MoO,% + 2 H" = H,M00,(aq) 6.700 + 0.200 20
7 MoO, + 8 H' = M0;,0,,% + 4 H,0(l) 53.000 + 0.200 20
7 MoO> + 9 H" = HMO0;0,," + 4 H,O(l) 59.800 + 0.500 20
Sm*+ 2 M0o0,> < Sm(MoO,),” 11.200 + 0.300 21
TcOy + e = TcO” -10.800 + 0.500 22
TcO* +3H,0(l) = TcOZ +6H +2¢ >-44.214 22
TcO* +3H,0(l) = TcOy +6 H + 3¢ >-33.414 22
TcO* + H,0(l) = TcO(OH)* + H* > 0.563 1
TcO? + 2 H,O(l) = TcO(OH),(aq) + 2 H* > -4.000 22
TcO* + 3 H,0(l) = TcO(OH); + 3 H* > -14.900 1
TcO? + H,0(l) + CO3* — TcCO43(OH),(aq) >15.267 1
TcO* + 2 H,0(l) + CO3% = TcCO3(OH); + H* > 6.967 1
Pd? + H,0(l) = PdOH" + H* -0.650 + 0.640 23
Pd* + 2 H,0(l) < Pd(OH),(aq) + 2 H* -3.110 + 0.630 23
Pd?* + 3 H,0(l) « Pd(OH); + 3 H* -14.200 + 0.630 23
Pd** + CI - PdCI* 5.031 + 0.200 1
Pd* + 2 CI" = PdCl,(aq) 8.471 +0.283 1
Pd** + 3 Cl" = PdCly 10.582 + 0.346 1
Pd** + 4 CI" = PdCI,* 11.464 + 0.400 1
Pd* + NOy « PdNO;Z* 0.167 +0.024 1 *
Pd?* + 2 NO; = Pd(NOs),(aq) -0.762 + 0.039 1 *
Pd? +2 NOy + H,0(l) = PdAOHNO(aq) + H* -0.650 + 0.036 1 *
Pd*2 + 3 CI' + H,0(l) = PdCI;0H? + H* 2.500 8
Pd"2 + 2 CI"+ 2 H,O(l) < PdCI,(OH),> + 2 H* -7.000 8
Pd"2 + NH," < PdNHg*" + H* 0.363 8
Pd*2+ 2 NH," < Pd(NH3),?" + 2 H" 0.026 8
Pd*2+ 3 NH," = Pd(NH3)s?" + 3 H* -1.711 8
Pd*2 + 4 NH," < Pd(NH5),?* + 4 H' -4.148 8
Sn*" + H0(l) = SnOH* + H* -3.750 8
Sn?* + 2 H,0(l) = Sn(OH),(aq) + 2 H* -7.710 8
Sn* + 3 H,0(l) = Sn(OH); + 3 H* -17.540 8
3Sn%* + 4 H,0(l) < Sng(OH)2" + 4 H' -6.510 8
Sn*" + CI" = sSnCI* 1.650 8
Sn*" + 2 CI" - SnCl,(aq) 2.310 8
Sn?* +3Cl" = SnCly 2.090 8
Sn* + H,0(l) + CI" = SnCIOH(aq) + H* -2.270 8
Sn*" +F - SnF' 4.460 8
Sn%* + 2 F < SnF(aq) 7.740 8
Sn?* +3F < SnFy 9.610 8
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I"+3H,0() = 107 +6H " +6¢

-111.563 +0.138

I"+ 3 H,0(l) = HIOs(aq) +5H" +6 ¢

-110.775 £ 0.141

Reaction logyo K° ref. |tv.
Sn* + NO;3” = SnNO;" 1.250 8
Sn*" + 2 NO3 = Sn(NOs),(aq) 1.740 8
Sn?* + 3NO;z < Sn(NO3)3 1.370 8
Sn?* + 4 NOy < Sn(NOs),> 0.300 8
Sn%* + SO,% « SnSO4(aq) 2.910 8
Sn* +2 50,2 = Sn(S0,),* 2.830 8
Sn(OH)4(aq) + 4 H" + 2 = Sn*" + 4 H,0(l) 5.400 8
Sn(OH)4(aq) + H,O(l) - H" < Sn(OH)s” -7.970 8
Sn(OH)4(aq) + 2 H,0(l) < Sn(OH)e® + 2 H* -18.400 8
Sn(OH)4(aq) + 4 H < Sn*" + 4 H,0(l) 0.400 8
Sb(OH)s(aq) + 3 H* = Sb* + 3 H,0(l) -0.730 8
Sh(OH)s(aq) + 2 H < ShOH?" + 2 H,0(l) 0.830 8
Sb(OH)s(aq) + H* < Sh(OH)," + H,0(l) 1.300 8
Sh(OH)s(aq) + H,O(l) = Sh(OH), + H* -11.930 8
2 Sh(OH)s(aq) + 2 H" + 4 HS = Sh,S,* + 6 H,O(l) 42.530 8
2 Sb(OH)s(aq) + 3 H" + 4 HS™ = HSb,S, + 6 H,0(l) 52.180 8
2 Sb(OH)s(aq) + 4 H" + 4 HS” = H,Sh,S4(aq) + 6 HO(1) 57.000 8
2 Sb(OH)3(aq) = Sh,(OH)s(aq) 0.080 8
Sh(OH)s(aq) + 3 H* + CI" = ShCI?* + 3 H,0(l) 2.780 8
Sb(OH)s(aq) + 3H* + 2 CI" = ShCL," + 3 H,0(l) 3.270 8
Sb(OH)s(aq) + 3 H" + F = SbF?* + 3 H,0(l) 6.480 8
Sb(OH)s(aq) + 3H* + 2 F = ShF," + 3 H20(l) 12.650 8
Sb(OH)s(aq) + 3H" + 3F < ShFs(aq) + 3 H,0(1) 18.360 8
Sb(OH)s(aq) + 2 H,0(l) < Sb(OH)s(ag) + 2 H* + 2 & -21.840 8
Sb(OH)s(aq) + H,O(l) = Sh(OH)¢ + H* -2.720 8
12 Sh(OH)s(aq) + 4 H,O(l) < Ship(OH)es* + 4 H 20.340 8
12 Sb(OH)s(ag) + 5 HO(I) = Sby,(OH)es™ + 5 H* 16.720 8
12 Sb(OH)s(aq) + 6 H,O(l) = Shy(OH)e® + 6 H* 11.890 8
12 Sb(OH)s(aq) + 7 H,O(l) = Shy(OH)e;™ + 7 H* 6.070 8
2
2
3
3
3
3
3
3
3
3
3
3
3
3

3= ly+2€ -18.300
I"+H* = HI(aq) -0.051
"+ H,0(l) = 10 +2H" +2¢ -44.000
I'+4H,0(l) = 10, +8H"+8¢ -165.000
21 +H0(l) = 1,07 +2H " +2¢ -45.300
I"+ HyO(l) = HIO(aq) + H' + 2 & -33.300
I"+ H,0(l) = H,lO" -32.100
21 +H,0() = HLO +H +2¢ -19.400
21+Cl = I,ClI +2¢ -20.800
I'+ClI = ICI' +¢ -29.000
'+2ClI = ICly +2¢ -26.900
21 = I(aq) +2 € -18.180
Ba*" + H,0(l) =~ BaOH* + H* -13.470 + 0.500 12
Ba?* + SO,> < BaS0,(aq) 2.720 +0.090 12
Sm* + H,0(l) = SmOH?* + H* -7.200 + 0.500 10
Sm** + 2 H,0(l) = Sm(OH)," + 2 H* -15.100 + 0.700 10
Sm** + 3 H,0(l) = Sm(OH)s(aq) + 3 H* -26.200 + 0.500 10
Sm* +F < SmF? 3.400 + 0.400 10
Sm* +2F — SmF," 5.800 + 0.200 10
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Reaction logyo K° ref. |tv.
Sm* + Cl" = SmCI* 0.240 + 0.030 10
Sm* +2Cl" = SmCl," -0.740 + 0.050 10
Sm** + 50,2 = SmSO," 3.300 + 0.150 10
Sm® +2 S0,% < Sm(S0y), 3.700 + 0.150 10
Sm® +3NO; + 18 H" + 16 & = SmN42* + 9 H,0(1) 256.342 + 0.430 10, 2
Sm* + NO, = SmNO,** 2.100 + 0.200 10
Sm** + NO; = SmNOZ** 1.330 + 0.200 10
Sm* + 2 H" + PO, < SmH,PO, 22.562 + 0.501 10,2
Sm* + COz* = SmCO;* 8.000 + 0.400 10
Sm* +2 CO* « Sm(CO3), 12.900 + 0.600 10
Sm** +3 COs% = Sm(CO3)s> 15.000 + 1.000 10
Sm* + H* + COs®> = SmHCO5** 13.429 +0.301 10, 2
Sm** + H,Si04(aq) = SmSIO(OH);** + H* -1.680 +0.180 10
Sm* + NOy + CO5% + SOZ + 20 H' + 16 & = SMSCN?* + 10 H,0(l) 158.272 + 0.775 10, 2
2Hg* +2e = Hg,? 3.889 +0.224 2
Pb% + H,O(l) = PbOH"* + H* -6.910 + 0.360 24
Pb% + 2 H,0(l) = Pb(OH)2(aq) + 2 H" -16.110 +0.710 24
Pb?* + 3 H,0(l) = Pb(OH); + 3 H* -26.270 + 1.180 24
Pb* + 4 H,0(l) = Pb(OH),* + 4 H* -38.780 + 0.390 24
2 Pb%* + H,0(l) = Ph,OH* +H* -7.180 8
4 Ph?* + 4 H,0(l) = Pby(OH),*" +4 H* -20.630 8
3 Pb®* + 4 HyO(l) = Pbs(OH),2" + 4 H' -22.480 8
3 Pb* + 5 H,0(l) — Pbg(OH)s* + 5 H* -30.720 8
6 Pb* + 8 H,O(l) = Pbs(OH)s™ + 8 H" -42.680 8
Pb% + COs% = PhCO4(aq) 7.300 8
Pb* + 2 CO5% < Pb(CO3),> 10.130 8
Pb* + NO3 « PbNO;Z* 1.060 8
Pb* + 2 NOy « Pb(NO3),(aq) 1.480 8
Pb% + 3 NO; < Pb(NOs)s 0.760 8
Pb* + PO, 2 + H* « PbHPO,(aq) 15.450 8
Pb% + PO, + 2 H" = PbH,PO," 21.050 8
Pb* + S0O,% < PbSO4(aq) 2.820 8
Pb* + 2 S0,% « Pb(SO,),* 2.370 8
Pb% + 2 HS < Pb(HS),(aq) 12.340 8
Pb* + 3 HS < Pb(HS)s 13.590 8
Pb% + CI" - PbCI* 1.480 + 0.100 24
Pb% + 2 CI" = PhCl,(aq) 2.070 £0.170 24
Pb%* + 3 Cl" = PbCly 1.800 + 0.320 24
Pb% + 4 CI" = PbCI,> 1.330 £ 0.830 24 *
Pb% + F = PbF* 2.270 8
Pb% + 2 F « PbF,(aq) 3.010 8
Pb%* + F + CI" = PbFCI(aq) 3.550 8
Bi** + H,0 < BiOH?* + H* -0.920 8
Bi** + 2 H,0 = Bi(OH)," + 2 H" -2.560 + 1.000 8
Bi** + 3H,0 = Bi(OH)s(aq) + 3 H* -8.940 + 0.500 25
Bi** + 4 H,0 = Bi(OH), + 4 H* -21.660 + 0.870 25
6 Bi®" + 12 H,0 < Big(OH),* + 12 H* 1.340 8
9 Bi** + 20 H,0 < Big(OH)»"* + 20 H* -1.360 8
9 Bi® + 21 H,0 < Big(OH),** + 21 H* -3.250 8
9 Bi® + 22 H,0 < Big(OH)»*" + 22 H* -4.860 8
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Reaction logyo K° ref. |tv.
3Bi* + 4 H,0 = Biy(OH), " + 4 H* -0.800 8
Bi** + CI' = BiCI*' 3.610 £ 0.180 25
Bi** + 2 CI" = BiCl,* 5.560 + 0.240 25
Bi** + 3CI" = BiCls(aq) 6.980 + 0.370 25
Bi** + 4 CI = BiCl, 8.040 +0.200 25
Bi** +5CI" = BiCls* 7.360 + 0.370 25
Bi** + PO,> < BiPO,(aq) <21.850 25
Bi*" + NOy < BiNOg*" 1.970 8
Bi** + 2 NO; - Bi(NO,)," 2.950 8
Bi*" + 3NO; - Bi(NO3)s(aq) 3.620 8
Bi** + 4 NOy = Bi(NO3), 3.090 8
Bi** + CI'+ NO; = BiCINO," 5.160 8
Bi** + CI'+ 2 NO; = BiCI(NO3),(aq) 5.280 8
Bi** + 2 CI'+ NO; = BiCl,NO5(aq) 6.860 8
Bi** + 2 CI'+ 2 NO; = BiCly(NOs),” 5.750 8
Bi** + 3CI'+ NO;” = BiCI;NOy 8.090 8
Ra?" + H,O = RaOH' + H" -13.470 + 0.500 12
Ra®* + SO,* < RaSO,(aq) 2.720 +0.090 12
AC* + H0(l) = AcOH* + H* -7.200 +0.700 10 *
AC® + 2 H0(l) = Ac OH)," + 2 H* -15.100 + 0.900 10 *
Ac® + 3 H,O(l) = Ac(OH)s(ag) + 3 H* -26.200 + 0.700 10 *
Ac¥ +F o AcF* 3.400 + 0.600 10 *
Ac¥ +2F < AcF,’ 5.800 + 0.400 10 *
Ac® +CI = AcCI* 0.240 +0.230 10 *
Ac® +2Cl = AcCl,* -0.740 + 0.250 10 *
Ac® + 50,5 = AcSO," 3.300 + 0.350 10 *
Ac® +250,% < Ac(SO4), 3.700 + 0.350 10 *
Ac® +3NOy + 18 H" + 16 & = AcNz> + 9 H,0(l) 256.342 + 0.515 10,2 | *
Ac® +NO, < AcNO? 2.100 + 0.400 10 *
Ac® + NO; = AcNO;? 1.330 + 0.400 10 *
Ac® +2H"+PO,> = AcH,PO* 22.562 +0.701 10,2 | *
Ac® +COs% = AcCO;' 8.000 + 0.600 10 *
Ac® +2C05% = Ac(COy), 12.900 + 0.800 10 *
Ac® +3C0% = Ac(COz)s* 15.000 + 1.200 10 *
Ac® + H' + CO* = AcHCO? 13.429 + 0.500 10,2 | *
Ac® + H,Si0,(aq) = AcSIO(OH),** + H* -1.680 + 0.380 10 *
Ac®* + NOz + COs* + SO% + 20 H' + 16 & = AcSCN?" + 10 H,0(l) 158.272 + 0.872 10,2 | *
Th*" + H,0(l) = ThOH** + H* -2.500 + 0.500 2
Th* + 2 H,0(l) = Th(OH),*" + 2 H* -6.200 + 0.500 2
Th* + 4 H,0(l) = Th(OH)4(aq) + 4 H* -17.400 + 0.700 2
2 Th* + 2 H,0(l) = Thy(OH),* + 2 H* -5.900 # 0.500 2
2 Th™ + 3 H,0(l) < Thy(OH)s* + 3 H* -6.800 + 0.200 2
4Th* + 8 H,O(l) < Thy(OH) + 8 H* -20.400 + 0.400 2
4Th* + 12 H,0(l) = Thy(OH),* + 12 H -26.600 + 0.200 2
6 Th* + 14 H,0(l) = Thg(OH)1, 2" + 14 H* -36.800 + 1.200 2
6 Th* + 15 H,0(l) < Thg(OH);s™" + 15 H* -36.800 *+ 1.500 2
Th* + F < ThF* 8.870 % 0.150 2
Th* + 2 F < ThF,? 15.630 + 0.230 2
Th* +3F < ThF;" 20.670 + 0.160 2
Th* + 4 F < ThF,(aq) 25.580 + 0.180 2
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*1

Reaction logyo K° ref. |tv.
Ni% + ox® = Ni(ox)(aq) 5.190 + 0.040 32
NiZ* + 2 0x* < Ni(ox),> 7.640 + 0.070 32
Am* + 0x* - Am(ox)" 6.510 + 0.150 32
Am* + 2 0x* = Am(ox), 10.710 + 0.200 32
Am** + 3 0x* - Am(ox)s> 13.000 + 1.000 32
NpO," + 0x* « NpO,0x 3.900 +0.100 32
NpO,* + 2 0x® = NpO,(0x),* 5.800 + 0.200 32
UO* + 0x* = UO,0x(aq) 7.130 £ 0.160 32
UO,% + 2 0x% = UO,(0X),> 11.650 + 0.150 32
UO,*" + 3 0x% = UO,(0x)3* 13.800 + 1.500 32
Mg?* + ox* < Mg(ox)(aq) 3.560 + 0.040 32
Mg? + 2 ox% = Mg(ox),> 5.170 + 0.080 32
Ca® + ox* < Ca(ox)(aq) 3.190 + 0.060 32
Ca® + 2 0x* « Ca(ox),> 4,020 +0.199 32
citt + H" = Hcit? 6.360 % 0.020 32
cit® + 2H" = Hycit 11.140 + 0.022 32
cit* + 3H* < Hacit(aq) 14.270 + 0.024 32
Ni* + cit* = Ni(cit)” 6.760 + 0.080 32
NiZ* + 2 cit* < Ni(cit)," 8.500 + 0.400 32
Ni%* + H* + cit® = Ni(Hcit)(aq) 10.520 +0.102 32
NiZ* + 2 H* + cit® = Ni(H,cit)" 13.190 + 0.251 32
Am** + cit* ~ Am(cit)(aq) 8.550 + 0.200 32
Am** + 2 cit* = Am(cit),* 13.900 + 1.000 32
Am* + H" + cit* — Am(Hcit)* 12.860 + 1.000 32
Am* + 2 H + 2 cit* = Am(Hcit), 23.520 + 1.001 32
NpO,* + cit® < NpO,cit* 3.680 + 0.050 32
UO,2" + cit® « UOLcit 8.960 + 0.170 32
2 U002 + 2 cit® = (UOy),(cit),” 21.300 + 0.500 32
UO” + H* +cit® « UO,(Hcit)(aq) 11.360 + 1.000 32
Mg?" + cit® < Mg(cit) 4.810 + 0.030 32
Mg?* + H* + cit® = Mg(Hcit)(aq) 8.960 + 0.073 32
Mg?* + 2 H" + cit® — Mg(Hcit)* 12.450 +0.162 32
Ca?* +cit* « Ca(city 4,800 + 0.030 32
Ca?" + H" + cit* — Ca(Hcit)(aq) 9.280 + 0.073 32
Ca® + 2 H +cit* < Ca(H.cit)* 12.670 + 0.162 32
edta” + H" = Hedta® 11.240 + 0.030 32
edta” + 2 H" = Hedta® 18.040 + 0.036 32
edta* + 3H* = Hgedta 21.190 +0.041 32
edta® + 4 H* < Hyedta(aq) 23.420 + 0.065 32
edta” + 5H" = Hgedta® 24.720 +0.119 32
edta” + 6 H" = Hgedta® 24.220 +0.233 32
Ni?* + edta* — Ni(edta)* 20.540 +0.130 32
Ni** + edta” + H" « Ni(Hedta) 24.200 + 0.206 32
Am** + edta® - Am(edta) 19.670 +0.110 32
Am** + edta® + H = Am(Hedta)(aq) 21.840 +0.273 32
Pu® + edta® < Pu(edta) 20.180 + 0.370 32
Pu® + edta® + H" — Pu(Hedta)(aq) 22.020 +0.454 32
Np** + edta* — Np(edta)(aq) 31.200 + 0.600 32
NpO,* + edta* — NpO,edta® 9.230 + 0.130 32
NpO," + edta* + H* — NpO,(Hedta)* 17.060 + 0.114 32
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*1

Reaction logyo K° ref. |tv.
NpO," + edta* + 2 H* « NpO,(H,edta) 22.510 £ 0.145 32

U* + edta* < Uedta(aq) 29.500 + 0.200 32

UO,?* + edta®™ « UO,edta® 13.700 + 0.200 32

2 UO* + edta® = (UO,).edta(aq) 20.600 + 0.400 32

UO,?* + edta™ + H" « UO,(Hdta) 19.610 + 0.104 32

Mg?" + edta® — Mg(edta)® 10.900 + 0.100 32

Mg?" + edta* + H" — Mg(Hedta) 15.400 + 0.224 32

Ca® +edta* < Ca(edta)” 12.690 + 0.060 32

Ca® +edta* + H" — Ca(Hedta) 16.230 +0.108 32

Na* + edta* — Na(edta)* 2.800 + 0.200 32

K* + edta®* < Na(edta)* 1.800 + 0.300 32

H" +isa” = Hisa(aq) 4.000 + 0.500 32

Ca®* +isa” — Ca(isa)” 1.700 + 0.300 32

Na* + (0x)* < Na(ox) 1.000 33 *
K* + (0x)* = K(ox) 0.900 33 *
Sr?* + (0x)* < Sr(ox) 2.330 34 *
Sr?* + 2 (0x)% < Sr(ox),> 2.980 34 *
Ra" + (0x)* - Ra(0x) 2.780 35 *
Ra®* + 2 (0x)* < Ra(ox),> 3.440 35 *
Fe?* + (0x)>~ < Fe(ox) 4130 34 *
Fe?* + 2 (0x)% = Fe(ox),> 6.230 34 *
Co* + (0x)* = Co(ox) 4720 34 *
Co?" + 2 (0x)* = Co(ox),” 7.000 34 *
Pb* + 2 (0x)* < Ph(ox) 4910 34 *
Pb + 2 (0x)* = Pb(0x),> 6.760 34 *
AP + (0x)* < Al(ox)* 7.720 34 *
AP + 2 (0x)* = Al(ox), 13.200 34 *
AP + 3 (0x)* < Al(ox)s> 16.740 34 *
Zt* + (0x)? = Zr(ox)** 10.520 35 *
Zr** + 2 (0x)* < Zr(ox), 18.150 35 *
TcO* + (0x)* = TcO(ox) 9.500 35 *
TcO* + 2 (0x)* = TcO(ox),> 16.210 35 *
Sm* + (0x)* < Sm(ox)* 6.300 35 *
Sm** + 2 (0x)*> = Sm(ox),” 10.130 35 *
Ac® + (0x)% < Ac(ox)* 5.650 34 *
AC* + 2 (0x)* = Ac(ox), 8.800 34 *
cm* + (0x)* = Cm(ox)* 6.540 34 *
Cm* + 2 (0x)*> < Cm(ox), 10.570 34 *
Th* + (0x)* = Th(ox)** 10.600 34 *
Th* + 2 (0x)?* < Th(ox)(aq) 20.200 34 *
Th* + 3 (0x)> < Th(ox)s* 26.400 34 *
Pu* + (0x)* = Pu(ox)* 10.340 35 *
Pu* + 2 (0X)* < Pu(ox),(aq) 17.800 35 *
U™ + (0x)% = U(ox)%" 10.180 35 *
U* + 2 (0x)* = U(ox),(aq) 17.500 35 *
Np** + (0x)*> = Np(ox)** 10.290 35 *
Np** + 2 (0x)* = Np(0x),(aq) 17.710 35 *
PUO,? + (0x)*> = PuO,(0x) (aq) 7.250 35 *
PUO,2* + 2 (0X)% = PuO,(0x),> 11.940 35 *
Na* + (cit)* < Na(cit)* 1.340 34 *
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Reaction logy K° ref. [tv.?
K* + (cit)® = K(cit)* 1.230 34 *
Sr#* + (cit)* < Sr(cit) 4.110 34 *
Sr?* + H' + (cit)* — SrH(cit)(aq) 9.080 35 *
Ra" + (cit)* = Ra(cit) 3.590 35 *
Ra®" + H" + (cit)* < Ra(H(cit)(aq) 9.000 35 *
Fe?" + (cit)* - Fe(cit) 5.690 34 *
Fe?* + H' + (cit)* < FeH(cit)(aq) 9.870 34 *
Co* + (cit)* = Co(cit) 6.290 34 *
Co* + H" + (cit)* = CoH(cit)(aq) 10.270 34 *
Pb®* + (cit)* = Pb(cit) 5.700 34 *
Pb% + 2 (cit)* < Pb(cit)," 9.910 34 *
Pb* + 3 (cit)* < Ph(cit);” 4,550 34 *
Pb% + H" + (cit)* = PbH(cit)(aq) 10.410 34 *
AP + (cit)* < Al(cit) 9.910 33 *
AP +2 (cit)* = Al(cit),™ 14.120 33 *
AP + H* + (cit)® < AlH(cit)* 12.860 33 *
zr* + (cit)® < Zr(cit)* 13.270 35 *
Zr* + H + (cit)® = ZrH(cit)® 14.880 35 *
TcO?* + (cit)* = TcO(cit) 11.990 35 *
TcO?* + H' + (cit)* « TcOH(cit)(aq) 14.110 35 *
Sm® + (cit)* < Sm(cit)(aq) 7.990 35 *
Sm* + H* + (cit)* — SmH(cit)* 11.670 35 *
Ac* + (cit)® = Ac(cit)(aqg) 7.990 35 *
AC* + H + (cit)* = AcH(cit)" 11.670 35 *
cm® + (cit)* - Cm(cit)(aq) 7.990 35 *
cm® + H" + (cit)* = CmH(cit)* 11.670 35 *
Pu® + (cit)* = Pu(cit)(aq) 7.990 35 *
Pu® + H" + (cit)* = PuH(cit)* 11.670 35 *
Th* + (cit)* < Th(cit)" 11.290 35 *
Th* + H* + (cit)®* < ThH(cit)** 13.680 35 *
Pu* + (cit)* = Pu(cit)* 13.040 35 *
Pu* + H" + (cit)* = PuH(cit)* 14.750 35 *
U™ + (cit)* = U(cit)" 12.840 35 *
U™+ H" + (cit)® = UH(cit)* 14.620 35 *
Np** + (cit)* = Np(cit)* 12.980 35 *
Np*" + H" + (cit)> = NpH(cit)** 14.710 35 *
NpO," + H* + (cit)* - NpH(cit) 9.920 35 *
PUO,?* + (cit)* = PuO,(cit)” 9.180 35 *
PUO,? + H* + (cit)* = PuO,H(cit)(aq) 12.400 35 *
Sr?* + (edta)” < Sr(edta)® 10.460 33 *
Sr?* + H* + (edta)* — SrH(edta) 14.820 33 *
Fe?* + (edta)” - Fe(edta)® 16.020 33 *
Fe’" + H' + (edta)* « FeH(edta) 19.250 33 *
Co* + (edta)* < Co(edta)® 18.170 33 *
Co?* + H' + (edta)* « CoH(edta) 21.600 33 *
Co?" + 2 H* + (edta)* — CoH,(edta)(aq) 23.570 33 *
Pb* + (edta)* < Ph(edta)® 19.680 33 *
Pb?* + H" + (edta)* — PbH(edta) 22.610 33 *
Pb* + 2 H* + (edta)* — PbH,(edta)(aq) 24.570 33 *
Pb* + 3 H" + (edta)* — PbHj(edta)” 25.770 33 *
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Th* + (edta)* < Th(edta)(aq) 26.630 33 *
Th* + H* + (edta)* < ThH(edta)* 28.610 33 *
Pu*" + (edta)* + H,0 < PuOH(edta) + H* 24.200 36 *
Pu* + (edta)* + 2 H,0 < Pu(OH),(edta)® + 2 H* 19.220 36 *
Pu* + (edta)* + 3 H,0 = Pu(OH)s(edta)® + 3 H* 9.710 36 *
Mg?" + (isa)” - Mg(isa)* 0.600 35 *
Sr?* + (isa)” < Sr(isa)* 0.910 35 *
Fe?* + (isa)” — Fe(isa)* 0.940 35 *
Ni?* + (isa)” - Ni(isa)" 2.200 37 *
Pb* + (isa)” < Ph(isa)* 2.440 35 *
Am* + 3 H,0(l) + (isa)” < Am(OH)s(isa) + 3 H" -47.700 37 *
Pu* + 4 H,0(l) + (isa)” < Pu(OH)4(isa) + 4 H* -12.300 37 *
Pu* + 4 H,0(l) + 2 (isa)” — Pu(OH)(isa),> + 4 H* -8.100 37 *
Np** + 4 H,0(1) + (isa)” < Np(OH),(isa) + 4 H* -13.660 37 *
Np* + 4 H,0(l) + 2 (isa)” < Np(OH)4(isa),> + 4 H -11.800 37 *
U* + 4 H,0(l) + (isa)” < U(OH)4(isa) +4 H* -17.600 37 *
U* + 4 H,0(l) + 2(isa)” < U(OH),(isa),> + 4 HY -15.700 37 *
Th* + H,0(l) + (isa)” = ThOH(isa)*" + H* -6.200 38 *
Th* + 3 H,0(l) + 2 (isa)” « Th(OH)s(isa), + 3 H* -70.300 38 *
Th* + 4 H,0(l) + 2 (isa)” = Th(OH)4(isa),> + 4 H* -105.900 38 *

"1 Tentative values.
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Table A2 Selected equilibrium constants of solid phases for JAEA-TDB ready to use for the

geochemical calculation programs (revised from Table 19 in the TDB report®)

*1

Reaction log;o K° ref. |tv.
H(g) - H" +¢e 35.612 + 0.001 2

Ha(g) = 2H +2¢ 0.000 2,3
H,0(g) = H.0(l) 1.499 +0.010

B(cr) + 3 H,O(l) = B(OH);(aq) +3H +3 ¢

45.173 +0.145

B(g) + 3H,0(l) = B(OH)s(aq) + 3 H" + 3¢

136.450 + 0.888

B,0s(cr) + 3 H,0(l) = 2 B(OH)3(aq) 5.745 + 0.379
B(OH)s(cr) = B(OH)s(aq) -0.070 + 0.203
BF3(g) + 3 H,0(l) = B(OH)s(aq) + 3F + 3 H" -2.976 + 0.416

C(cr) +3H,0(l) = COZ+6H +4¢

-32.151 + 0.069

C(g) +3H,0(l) = CO2+6H" +4¢

85.447 £ 0.105

CO(g) + 2 H,0(l) = COZ +4H +2¢

-14.637 + 0.075

CO,(g) + HO(l) = CO3% + 2 H*

-18.155 + 0.035

CHq(g) + 3H,0(l) = COz* +10H* + 8¢

-43.931

N(g) + 3H,0(l) = NO; + 6 H" +5 ¢’

-25.418 +0.102

N2(g) + 6 H,O() = 2NO; + 12 H* +10 ¢

-210.449 + 0.105

NHs(g) + 3 H,0(l) = NO3 +9H" +8¢

-108.099 + 0.096

0(g) + 2H" +2e = H,0()

82.144 £ 0.019

0,(g) +4 H + 4 = 2 H,0(l)

83.090 £ 0.010

F@ +e = F

60.231 £ 0.132

Fg)+2¢ = 2F

98.641 £ 0.171

HF(g) = F +H"

1.073 +0.172

Na(cr) < Na*+e

45.892 +0.017

Na(g) = Na*+¢

59.375 £ 0.124

Na,Al14Si;,060(0H) o (montmorillonite,Na) + 16 H,O(I) + 44 H*

W[ W | WW| W [N NINININNNN RN NN NN NN

o 2Na" + 14 AP + 22 H,Si04(aq) 58.540
NaAl;Si;0;0(OH),(plagioclase) + 10 HY < Na* + 3 AI** + 3 H,Si0,(aq) 18.870
NaAlSi,Og(albite) + 4 H,O(I) + 4 H" = Na" + APP* + 3 H,Si0,(aq) 3.540
MgzaFegAIZOSi24030(OH)G4(czl+inochlor(g)++ 128 H+_ N 447 610
= 26 Mg™" + 20 AlI”™ + 24 H,SiO4(aq) + 8 Fe~™ + 48 H,0(I)
Mg,Si,06(s) + 2 H,0(l) + 4 H™ < 2 Mg?* +2 H,Si04(aq) 23.260
Mg3SisO10(OH),(talc) + 4 H,0(l) + 6 H* « 3 Mg®" +4 H,SiO,(aq) 20.600 + 2.000 3,11
Md40Al16Si240g0(OH)gs(clinochlore,Mg-rich) + 128 H*
40 Mg® + 16 AI®* + 24 H,Si0,(aq) + 48 H,0(l)| 0830 3
Mg,SigOs(OH)s(sepiolite) + H,O(l) + 8 H" « 4 Mg®* + 6 H,SiO,(aq) 32.830 3
MgsgFessAl,sSin0go(OH)gs(clinochlore,Fe-rich) + 144 H* + ¢
8 Mg + 25 A" + 20 H,Si0,(aq) + 26 Fe?* + 64 H,0(l)| 7070 3
MgAI14Si;»0g0(OH).-(montmorillonite,Mg) +16 H,O(l) + 44 H*
= Mg* + 14 AP** + 22 H,SiO4(aq) 57.040 3
MgFe,04(magnesio-ferrite) + 8 H + 2 e” = Mg®* + 2 Fe?* + 4 H,0(l) 42.820 3
MgO(periclase) + 2 H* = Mg? + H,0(l) 21.580 3
Al(OH)s(gibbsite) + 3 H* « AP + 3 H,0O(l) 8.770 3
Al,Si0,(OH),(topaz,0) + 6 H" = 2 AI** + H,Si04(aq) + 2 H,0(I) 12.810 3
Al,Si,05(0H),(kaolinite) 6 H" = + 2 H,SiO,(aq) + 2 AP* + H,O(I) 9.080 3
SiOy(chalcedony) + 2 H,O(l) = H;SiO4(aq) -3.490 3
SiOy(quartz) + 2 H,0O(l) = H4SiO4(aq) -3.780 3
SiOy(silica-gel) + 2 H,O(l) = H4SiO4(aq) -2.700 3
SiO,-H,O(silica-glass) + H,O(l) = H,SiO4(aq) -3.020 3
SiO,(am) + 2 HyO(l) = H,;SiO4(aq) -2.710 3
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Reaction

logyo K°

ﬂ
D
-h

tv. T

Si(cr) + 4 HyO(l) = H,SiO4(aq) +4 H + 4 ¢

62.924 +0.205

Si(g) + 4 H,0()  HiSiOyaq) + 4 H' +4¢

133.969 £ 1.416

SiOy(a-quartz) + 2 H,O(l) = H,4SiO4(aq)

-4.000 + 0.268

SiF4(g) + 4 H,0(l) = H,SiO4(aq) + 4 F + 4 H*

-15.330 + 0.545

P(am) + 4 H,0(l) = PO,> +8H" +5¢

13.478 £ 0.276

P(cr) + 4 H,O(l) = PO,* +8H"'+5¢

13.478 £0.276

P(g) + 4 H,O(l) = PO,> +8H" +5¢

62.548 + 0.328

Pa(g) + 8 H,0(l) = 2PO,* + 16 H' + 10 "

45.082 +0.526

P4(g) + 16 H,0(l) = 4 PO, + 32 H* +20 ¢

58.189 + 0.558

S(cr) + 4 H,0(l) «» SO> +8H ' +6¢€

-35.836 £ 0.075

S(g) + 4H,0(l) = SO, +8H" +6¢ 5.629 + 0.079
S,(g) + 8 HyO(l) = 2507 +16 H + 12 ¢ 57.713 +0.118
SOy(g) + 2 H,0(I) = SO~ +4H" +2¢ -5.321 + 0.082

H,S(g) + 4 H,0(l) = SO,Z +10H" + 8¢

-41.695 +0.115

Cl(g) +e = CI

41.437 £0.021

Clyg)+2e¢ = 2CI'

45.976 + 0.029

HCI(g) = CI +H"

6.293 + 0.027

K(cr) « K'+¢

49.493 +0.020

K() <« K'+¢

60.089 + 0.142

KAIL(AISis010)(OH),(muscovite) + H = 3 AP + 3 H,Si04(aq) + K*

14.600

K2A|108i14040(oH)8(i”ite,idealizedZ) +8 Hzo(l) +32H"

W |[WININNRNRNRNRNNINININNININDN NN NN

< 10 AP + 14 H,SiO4(aq) + 2 K* 28.540
K,Al14Si»0g0(0OH)1o(montmorillonite,K) + 16 H,O(l) + 44 H*
- 14 AP + 22 H,Si0,(aq) + 2 K| 27210 3
KAIl(SO,),(OH)g(alunite) + 6 H = 3 AP +2 50,2 + K* + 6 H,0(1) 1.610 3
KAISi;Og(microcline) + 4 H,0(l) + 4 H" < AI** +3 H,SiO4(aq) + K* 1.780 3
KAISi;Og(orthoclase) + 4 H,O(l) + 4 H* « AP* +3 H,SiO4(aq) + K* 0.860 3
KFe3AlSi;0,4(OH),(annite) + 10 H « AP + 3 H,Si04(aq) + K* + 3 Fe?* 22.330 3
KsMgAl,Si14040(0H)g(illite,idealized) + 8 H,O(I) + 32 HY
= Mg® + 9 AP + 14 H,Si04(aq) + 3 K" 67.150 3
KMg3AlSiz010(OH),(phlogopite)+10 H « 3 Mg?+AI**+3 H,Si04(aq)+K* 36.330 3
KAISi;Og(feldspar,K) + 4 H,O(I) + 4 H" = 3 H,SiO4(aq) + K™ + AP* 0.0832 3
Ca(cr) = Ca** +2¢ 96.847 + 0.184 2
Ca(g) = Ca* +2¢ 122.078 +0.232 2
CaO(cr) + 2 H" = Ca?* + H,0(l) 32.699 + 0.244 2
CaCOx(calcite) « Ca®* + CO> -8.460 + 0.010 12
CaCOg(aragonite) « Ca®* + COg> -8.340 + 0.020 3,11
CaMg(CO3),(dolomite) — Ca?* + Mg®* + 2 CO5> -17.090 3
CaS042H,0(gypsum) « CaZ* + SO,% + 2 H,0(l) -4.600 + 0.020 3,11
CaSO,(anhydrite) — Ca*" + SO,* -4.380 3
Cas(PO4)3(OH)(hydroxyapatite) + H* « H,O(l) + 3 PO,* + 5 Ca** -40.470 3
CaF(fluorite) = Ca®* +2 F -10.960 3
Ca,Aly(Si0,);0H(clinozoisite)+13 H" < 3 AI**+3 H,SiO4(aq)+2 Ca?* H,O(l)|  43.610 3
Ca,Al,Fe(Si0,4)(Si,0;)O0H (epidote) + 13 H* + ¢
< 2 AP +3 H,Si0,(aq) +2 Ca®* + Fe?* + H,0(l) 45430 3
Ca,MgsSigO,(OH),(tremolite)+8H,0()+14H* « 5Mg?*+8H,Si0,(aq)+2Ca%" 57.700 3
CagFe,(SiO,)s(andradite) + 12 H* + 2 e — 3 H,Si04(aq) +3 Ca®" +2 Fe?* 55.100 3
CaAl4Si»0g0(OH)1, (montmorillonite,Ca) + 16 H,O(l) + 44 H*
o 14 AP + 22 H,Si0,(aq) + Ca®* 41880 3
CaAl,Si,Og(anorthite,hexagonal) + 8 H" = 2 AI*" + 2 H,Si0,4(aq) + Ca®* 26.700 3
CaAl,Si,Og(anorthite,triclinic) + 8 H* — 2 AP* + 2 H,SiO4(aq) + Ca®* 26.370 3
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Reaction log;o K° ref. |tv.
CaO(s) + 2 H' < Ca* + H,0(l) 32.700 3
MnO,(birnessite-type) + 2 e+ 4 H* « Mn?" + 2 H,0(l) 43.597 3
MnOOH(manganite) + e + 3 H" « Mn*" + 2 H,0(l) 25.267 3
MnCOjs(rhodochrosite) « COz* + Mn?* -10.540 3
MnO,(pyrolusite) + 4 H" + 2 e « Mn?" +2 H,0(l) 41.550 3
MnS(alabandite) + 4 H,0(l) = SO, + Mn** + 8 H* + 8 ¢ -34.110 3
Fe(OH)4(s) + 3 H" = Fe* + 3 H,0(l) 4.890 3
FeCOjy(siderite) — Fe?* + CO4” -10.570 3
Fe,Og(hematite) + 6 H" + 2 & — 2 Fe?* + 3 H,0O(l) 22.400 3
FeS(mackinawite) + 4 H,O(l) = Fe** + SO, + H' + 8¢ -38.323 3
FeS(s) + 4 H,O(l) = Fe* +SO,Z+8 H' +8 ¢ -37.603 3
Fes(PO,),-8H,0 (vivianite) = 3 Fe?* + 2 PO,> + 8 H,O(l) -36.000 3,1
Fe,Si,06(s) + 2 H,O(l) + 4 H' « 2 H,SiO4(aq) + 2 Fe?* 10.600 3
FesAly(SiO4)s(almandine) + 12 H* « 2 AI** + 3 H,SiO,(aq) +3 Fe?* 33.410 3
FesO4(magnetite) + 8 H + 2 &” 3 Fe?" + 4 H,0O(l) 30.650 3
Fe,Sg(pyrrhotite) + 32 H,O(l) < 8 SO, 2+ 7 Fe* + 64 H* + 62 ¢ -321.280 3
FeCly(lawrencite) < 2 CI" + Fe?* 6.820 3
FeCly(molysite) + e = 3 CI" + Fe?* 24.560 3
FeOOH(goethite) + 3H" + e « Fe?* + 2 H,0(l) 11.290 3
FeS,(pyrite) + 8 H,O(l) = 2 SO,* + Fe** + 16 H" + 14 ¢ -85.950 3
FeSiOy(ferrosilite) + H,O(l) + 2 H* « Fe?* + H,SiO4(aq) 7.420 3
Fe3Si,05(0H)4(greenalite) + 6 H' — 3 Fe?" + 2 H,SiO4(aq) + H,O(I) 22.590 3
Fe,SiO,(fayalite) + 4 H* « 2 Fe?* + H,SiO,(aq) 19.050 3
Co(cr) = Co**+2¢ 9.530 £ 0.175 13
CoO(cr) + 2 H' « Co®* + H,0(l) 12.399 + 0.326 13 *
B-Co(OH), +2 H" = Co?" + 2 H,0(l) 12.430 + 0.170 13
CoCl,-6H,0(cr) = 2 Co® +2 CI + 6 H,0(l) 3.037 £0.018 13 *
B-Co(103),+ 12 H* + 12 & « Co%* + 21" + 6 H,O(l) 218.731 + 0.293 13 *
Co(105),2H,0(cr) + 12 H" + 12 = Co* + 8 H,O0(l) + 2 I 218.025 + 0.328 13 *
0-CoS + H" = Co*" + HS -7.440 £ 0.120 13
B-CoS + H" = Co*" + HS’ -11.100 + 1.700 13
0-C0S0,4-6H,0 = Co?* + 6 H,0(l) + SO -2.229 £ 0.279 13 *
B-C0S0,6H,0 « Co** + 6 H,0(l) + SO~ -2.124 +0.467 13 *
C0S0, 7H,0(cr) < Co®" + 7 H,0(l) + SO,* -2.245 +0.058 13
Co3(AsOg),(cr,hyd) + 2 H,O(l) + 4 & = 3 Co* +4 H' + 2 AsO,> -51.640 + 2.012 13 *
Co3(As0,),-8H,0(cr) = 3 Co®* + 2 AsO,> + 8 H,O(l) -27.929 +0.883 13 *
CoCO4(cr) « Co?" + COs” -11.027 +0.098 13 *
CoCO04:5.5H,0(cr) « Co*" + CO3% + 5.5 H,0(1) -7.577 +0.049 13 *
Nicr) = NiZ+2¢ 8.019 +0.135 14
NiO(cr) + 2 H' < Ni?" + H,0(l) 12.483 +0.154 13 *
B-Ni(OH), + 2 H* = Ni?* + 2 H,0(l) 11.029 +0.280 13 *
NiCl,-6H,0(cr) = 2 Ni?* + 2 CI" + 6 H,0(l) 3.045 +0.014 14
B-Ni(103),+ 12 H* + 12 & = Ni®* + 2 I' + 6 H0(l) 218.696 + 0.277 14
Ni(10;),-2H,0(cr) + 12 H + 12 ¢ = Ni?* + 8 H,O(l) + 2 I 217.986 + 0.294 14
o-NiS + H" = Ni®* + HS -9.508 + 0.464 13 *
B-NiS + H" « Ni*"+ HS -10.128 + 0.464 13 *
NiSO, 7H,0(cr) = Ni?* + 7 H,0(l) + SO,* -2.267 £0.019 14
Niz(AsOg),(cr,hyd) + 2 HO(l) + 4 & < 3 Ni?* + 4 H' + 2 HAsO,> -51.484 +2.106 14
Ni3(AsO,),-8H,0(cr) = 3 NiZ* + 2 AsO,> + 8 H,0(l) -28.100 + 0.500 14
NiCOs(cr) « Ni?* + COg> -10.995 +0.183 14
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NiCO35.5H,0(cr) = Ni?* + CO3% + 5.5 H,0(l) -7.525 +0.106 14
As(cr) + 4 H,0(l) < AsO,> +8H" +5¢ -52.592 + 0.703 2
As,0s(cr) + 3 H,0(l) = 2 AsO,* + 6 H* -34.539 + 1.986 2
As,Og(cubic) + 10 H,O(l) « AsO > +8H" +5¢ -162.999 + 3.973 2
As,Og(monoaclinic) + 10 H,O(l) = AsO,> +8H* +5¢ -163.273 + 3.974 2
Se(cr.trigonal) + H + 2 e = HSe’ -7.616 + 0.355 15
PbSeOs(cr) = Pb?* + Se04% -12.500 + 1.000 15
PbSeO,(cr) < Pb* + Se0,* -6.900 + 0.250 15
TI,Se0,(cr) = 2 TI* + Se0,* -3.900 + 0.150 15
ZnSe04-6H,0(cr) < Zn* + 6H,0(I) + Se0,* -1.538 +0.068 15
Cd(SeCN),(cr)+20 H,0(l) = Cd?*+2 Se0,%+40 H*+32e+2 COz%+2 NOy -411.153 + 1.528 15
Ag,Se0s5(cr) = 2 Ag™ + SeOs” -15.800 + 0.300 15
Ag,Se0,(cr) < 2 Ag™ + SeO,” -7.860 + 0.500 15
AgSeCN(cr) + 10 H,O(l) < SeO,> + 20 H* + 16 e + CO3> + NOy + Ag" -216.724 +0.883 15
NiSeO32H,0(cr) = Ni%* + 2 H,O(l) + SeO4> -5.800 + 1.000 15
NiSeO,-6H,0(cr) = Ni?* + 6 H,0(l) + SeO,* -1.381 +0.045 15
CuSe0,-5H,0(cr) = Cu® +5 H,0(l) + Se0,> -2.440 + 0.200 15
MgSeO3-6H,0(cr) < Mg?* + 6 H,0(l) + SeO5* -5.820 + 0.250 15
MgSeO,-6H,0(cr) « Mg?* + 6 H,0(l) + SeO,* -1.133 £ 0.044 15
CaSeO;:H,0(cr) = Ca®* + H,0(l) + Se0z% -6.400 * 0.250 15
CaSe042H,0(cr) < Ca®" + 2 H,0(l) + Se0,> -2.680 + 0.250 15
SrSeOs(cr) < Sr¥* + SeOy” -6.300 * 0.500 15
BaSeO;(cr) « Ba® + Se05> -6.500 + 0.250 15
BaSeO,(cr) « Ba®" + Se0,> -7.560 +0.100 15
NH,HSe(cr) + 7 H,O(l) = Se0,> + NOy + 19 H* + 16 ¢ -198.643 + 0.973 15
(NH,),Se04(cr) = 2 NH," + SeQ,* 0.911 + 0.065 15
Li,Se0,-H,0(cr) = 2 Li* + H,0(l) + Se0,* 1.762 + 0.065 15
Na,Se0,-10H,0(cr) < 2 Na* + 10H,0(l) + SeO,* -0.681 +0.087 15
K,SeO4(cr) = 2 K + Se0,% 0.904 + 0.065 15
Cs,Se04(cr) « 2 Cs™ + Se0,% 0.636 + 0.065 15
FeSey(cr) + 2 H +2 ¢ « Fe?" + 2 HSe” -17.220 + 2.754 39 *
B-Fe;0sSe + H' < 1.04 Fe*" + HSe + 0.08 ¢ -3.503 +0.870 39 *
y-FesSes +4H +2 ¢ < 3Fe* +4 HSe -25.908 + 5.547 39 *
o-Fe;Seg + 8H" +2e « 7 Fe?* + 8 HSe" -36.274 +5.175 39 *
HgSeO4(cr) « Hg?* + SeOg% -16.200 + 1.000 15
Hg,SeO5(cr) « Hg,?* + SeOg” -15.200 + 1.000 15
Br(g) + e < Br 32.626 + 0.037 2
Bry(g) +2e < 2Br 36.931 +0.048 2
HBr(g) = Br + H* 8.845 +0.041 2
Sr(cr) < Sr**+2¢ 98.784 + 0.137 2
Sro(cr) + 2 H' < Sr?* + H,0(1) 42.233 +0.211 2
SrCOs(strontianite) « Sr** + CO> -9.250 + 0.010 12
SrSO4(celestite) = Sr** + SO, -6.620 + 0.020 12
Sr3(PO,)y(S) < 3 Sr** +2 PO, -27.800 3
SrHPO,(S) = Sr** +P 0,> + H* -19.310 3
Sr(OH),(s) < Sr¥* +2 H,0(l) -2 H* 24.980 3
Sr(NOjy),(cr) < Sr** +2 NOy 0.404 + 0.268 2
ZrO,(mono) +4 H' < Zr** + 2 H,0(1) -7.000 + 1.600 16
Zr(OH),(am fresh) + 4 H* < Zr*" + 4 H,0(l) -3.240 +0.100 16
B-ZIFy = Zt* + 4 F -31.830 + 0.408 16
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Zr(S04),*9H,0(cr) < Zr* + 9 H,0(l) + 2 SO, -11.250 + 0.096 16
ZrSiOycr) + 4 H' = Zr*" + H,SiO4(aq) -14.623 +1.718 16
Nb,Os(s) + 7 H,0 < 2 Nb(OH)g + 2 H* -28.913 + 0.507 1
Mo(metal) + 4 H,0(l) = MoO,> +8H" +6 ¢ -19.280 19
MoO,(cr) + 2 H,0(l) < MoO,> +4H" +2¢ -29.570 19
PbMoO,(cr) = MoO,* + Pb? -12.980 + 0.050 40
CaMoOy(cr) < MoO,* + Ca?* -7.950 + 0.050 19
Sm,(Mo0O,)s:xH,0(cr) < 3 MoO,* + 2 Sm** "-26.100 + 0.300 21
NH,TcOy4(cr) < TcO4 + NH," -0.910 +0.070 22
TITcO4(cr) = TcO, + TI -5.320 £ 0.120 22
AgTcO,(cr) = TcO, + Ag* -3.270 £ 0.130 22
NaTcO,4H,0(s) = TcO, + 4 H,O(l) + Na* 0.790 + 0.040 22
KTcOy(cr) < TcO, + K* -2.288 + 0.026 22
TcO,1.6H,0(s) +2 H* = TcO?* + 2.6 H,0(l) < -4.415 1
TcO,1.6H,0(s) + 0.4 H,O(l) = TcO, +4H +3¢ -37.829 + 0.609 22
Pd(cr) < Pd®* +2¢ -32.860 8
Pd(s) « Pd* +2¢ -29.570 + 1.120 23
Pd(OH),(s) + 2 H" = Pd? + 2 H,0(l) -4.120 + 0.630 23
Sn(cr) + 4 HyO(I) = Sn(OH)4(aq) + 4H" +4 ¢ -0.770

Sn(OH)x(s) + 2 H,O(l) = Sn(OH)4(aq) + 2 H" + 2 ¢ -2.580

SnO(cr) + 3 H,O(l) = Sn(OH)4(aq) +2 H + 2 ¢ -2.990

SnCIOH(s) + 3 H,O(l) = Sn(OH)4aq) + 3H* +ClI'+2 ¢ -7.820

SnO,(am) + 2 H,O(l) = Sn(OH),(aq) -7.460

SnO,(cassiterite) + 2 H,O(l) = Sn(OH),(aq) -8.000

I(g)+e = I’ 21.355 + 0.022
Lcr)+2e = 21 18.123 + 0.028
Lg+2e = 2T 21.508 + 0.035
HI(@) < I+ H" 9.359 +0.028
Sb(cr) + 3 H,O(l) = Sh(OH)s(aq) + 3H" + 3¢ -11.990
Sh,05(valentinite) + 3 H,O(l) = 2 Sb(OH)s(aq) -8.720
Sh,Ss(stibnite) + 18 H,0(l) < 2 Sb(OH);(aq) + 3 SO,% + 30 H' + 24 ¢ -156.219
Sh,0s(am) + 5 H,O(l) = 2 Sb(OH)s(aq) -7.400

Cs(cr) = Cs* +¢

51.061 + 0.094

Cs(g) = Cs" +¢

59.742 +0.200

CsNO4(s) = Cs™+ NOy -0.410
Cs,0(s) + 2 H" = 2 Cs" + H,0(1) 89.890
CsOH(s) + H" « Cs* + H,0(l) 27.420
Cs,504(s) = 2 Cs* + S0, 0.870
Cs,CO4(s) = 2 Cs™ + COs% 10.070

Ba(cr) = Ba** +2 ¢

97.697 + 0.452

BaO(cr) + 2 H* « Ba®" + H,0(l)

48.073 +0.632

NN W[W[W[W|[W| N N 00| 00| 0O O N N N N co| 0ol 00| 00| 00| O

BaCO,(witherite) « Ba®" + CO5> -8.540 + 0.030 12
BaSO,(barite) - Ba®* + S0O,* -10.050 + 0.050 12
Sm(OH)s(am) + 3 H" = Sm* + 3 H,0(l) 16.900 + 0.800 10
Sm(OH)s(cr) + 3H' < Sm® + 3 H,0(l) 15.600 + 0.600 10
Sm,(CO3)3(am) < 2 Sm* + 3 COz> -33.400 + 2.200 10
SmMCO30H(am) + H* « Sm* + COz* + H,0(l) -6.199 + 1.000 10
SMCO30H#0.5H,0(cr) + H < Sm*" + CO3% + 1.5 H,0(1) -8.399 + 0.500 10
NaSm(C03),*5H,0(cr) < Sm* + 2 COz% + 5 H,0(I) + Na* -21.000 + 0.500 10
SmPO,(am,hydr) < Sm®* + PO,> -24.790 + 0.600 10
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Pb(cr) « Pb** +2¢ 4.250 8
PbO(red, litharge) + 2 H* < Ph?* + H,0(1) 12.680 8
PbO(yellow,massicot) + 2 H" < Pb®" + H,0(l) 12.960 8
Pb(OH),(am) + 2 H* = Pb? + 2 H,0(l) 13.050 8
PbSO,(anglesite) « Pb*" + SO,* -7.810 8
PbCly(s) = Pb?* +2CI -4.810 8
PbCIOH(cr) + H* < Pb?* + CI" + H,0(1) 0.620 8
PbF,(s) = Pb* +2 F -7.520 8
PbFCl(matlockite) « Pb*" + F + CI -8.820 8
PbCOs(cerrusite) « Pb*" +COz* -13.230 8
Pbs(CO3)2(OH),(hydrocerrusite) + 2 H* < 3 Pb?* + 2 CO3%> + 2 H,0(l) -17.640 8
Pb1o(CO3)s(OH)s(plumbonacrite) + 8 H* « 10 Pb? + 6 CO5% + 7 H,0O(l) -41.210 8
PbOHNO3(cr) + H' = Pb* + NO5™ + H,0(l) 2.940 8
PbHPO,(s) « Pb* + PO,> + H* -23.780 8
Pb(H,P04),(s) = Pb?* +2 PO,> + 4 H* -48.940 8
Pbs(PO)4(s) = 3 Pb** +2 PO,> -44.400 8
Pb,(PO,),0(s) + 2 H* « 4 Pb?* + 2 PO,> + H,0(l) -37.090 8
Pbs(PO,);OH(hydroxyl pyromorphite) + H* < 5 Pb*" + 3 PO,* + H,0(l) -62.800 8
Pbs(PO,)sCl(chloro pyromorphite) < 5 Pb?* +3 PO,> + CI° -84.400 8
Pbs(PO.)sF(fluoro pyromorphite) = 5 Pb* +3 PO,> + F° -71.600 8
PbS(galena) + 4 H,0(l) = Pb? + S0, +8H" + 8¢ -45.863 8
PbO,(s) + 4 H" + 2 & « Pb* +2 H,0(l) 48.980 8
PbsOu(s) + 8 H' + 2 & = 3 Pb?" +4 H,0(l) 70.980 8
Bi(OH)s(am) + 3 H* = Bi** + 3 H,0(l) 31.501 + 0.927 25
0.5 0-Bi,03(c) + 3H" = Bi** + 1.5 H,0(l) 31.501 + 0.927 25
BiPO4(c) = Bi* + PO,* -30.350 + 0.540 25
Bi(cr) < Bi*" +3¢ -16.740 8
BiOCI(s) + 2 H" = Bi** + H,0 + CI’ -8.470 8
(Bi0),COs(cr) + 4 H* = 2 Bi¥*+ 2 H,0 + COs> -14.270 8
(Bi0)4(OH),CO4(cr) + 10 H* & 4 Bi**+ 6 H,0 + CO3%> -8.680 8
BiONOs(s) + 2 H* < Bi**+ H,0 + NOy -2.750 8
PO(OH)4(s) + 4 H « Po* + 4 H,O(l) 19.520 3
RaSO,(cr) « Ra*" + SO,> -10.050 + 0.390 12
RaCOs(cr) = Ra?* + COs% -8.540 £ 0.200 12
Ac(OH)s(am) + 3 H* « Ac** + 3 H,0(l) 16.900 =+ 4.800 10 *
AC,(CO3)3(am) < 2 Ac® +3CO5> -33.400 + 5.100 10 *
ACCOZ0H(@am) + H" < Ac®" + COs% + H,0(I) -6.199 + 5.000 10 *
AcPO,(am,hydr) « Ac® +PO,> -24.790 + 4.600 10 *
ThO,(am,fresh) + 4 H* < Th* + 2 H,0O(l) 9.304 +0.900 2
ThO,(am,aged) + 4 H* < Th* + 2 H,0(l) 8.504 + 0.900 2
ThO,(cr) + 4 H* = Th* + 2 H,0O(l) 1.765 + 1.113 2
ThF4(cr, hyd) + 4 H* = Th* + 4 HF(aq) -19.110 # 0.400 2
Th(S0,)2#*9H,0(cr) = Th* + 9 H,0(l) + 2 SO* -11.250 + 0.096 2
NagTh(COj3)s*12H,0(cr) — Th*" +5COz* + 12 H,O(l) + 6 Na* -42.200 + 0.800 2
PaO,(cr) + 4 H' < Pa*" + 2 H0(l) 0.600 41
PaCly(s) - Pa* +4CI 24.010 27
Pa,Os(cr) + 2 e + 10 H* = 2 Pa* + 5 H,0(l) -8.720 27
PaCls(cr) - e « Pa* +5CI° 32.850 27
UO,(am) + 4 H* < U* + 2 H,0(l) 2.304 +1.000 31
UO,(cr) + 4 H' = U* + 2 H,0(l) -4.852 +0.365 22
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a-UO; + 2 H* = U0, + H,0(l) 9.524 +0.401 22
B-UOz + 2 H" = UO,%" + H,0(l) 8.302 +0.382 22
y-UO; + 2 H" = UO,* + H,0(l) 7.700 +0.372 22
a-UO05:0.9H,0(cr) + 2 H* = UO,%" + 1.9 H,0(l) 5.003 + 0.529 22
UO3-2H,0(cr) + 2 H* < UO,% + 3 H,0(1) 4812 +0.428 22
B-UO,(OH), + 4 H* = U0, + 2 H,0(l) 4931 +0.435 22
U(OH),S04(cr) + 2 H* « U* + 2 H,0(l) + SO,Z -3.168 + 0.500 22
U(HPO,),#4H,0(cr) < U* +2 PO,> + 2 H" + 4 H,0(l) -55.194 + 0.383 22
UFg(cr) + 2 H,0(l) = U0 +6 F +4 H* 17.204 + 0.853 22
UO,(103),(cr) + 12 H* + 12 € = U0, + 2 I + 6 H,0(l) 215.246 + 0.294 22
U0,S04(cr) = U2 + S0,* 1.889 + 0.560 22
U0,50,¢2.5H,0(ct) < UO,2* +S0O,% + 2.5 H,0(l) -1.589 +0.019 22
U0,50,4+3.5H,0(cr) < UO,2" + SO,% + 3.5 H,0(l) -1.585 +0.019 22
UO,HPO,-4H,0(cr) + 2 H* = UO,* + PO, + H* + 4 H,0(l) -24.202 +0.198 22
(UO,)3(PO,)-4H,0(cr) = 3 U0 +2 PO, + 4 H,0(l) -48.364 + 0.462 22
UO,CO4(cr) = UD* + COs% -14.760 + 0.020 22
CaUgO14-11H,0(cr) + 14 H" = 6 UO,* + Ca?" + 18 H,0(1) -40.500 + 1.600 22
NaUO,(CO3)s(cr) = UO,* + 3 CO3% +4 Na* -27.180 + 0.165 22
K,UgO19-11H,0(cr) + 14 H* = 6 UO,2" + 2 K* + 18 H,0(1) -37.100 + 0.540 22
NpO,(am) + 4 H* = Np** + 2 H,0(l) 0.604 + 1.000 31
NpO,OH(am, aged) + H* = NpO,* + H,0(l) 4.700 + 0.500 22
NpO,OH(am, fresh) + H* = NpO,* + H,0(l) 5.300 + 0.200 22
NasNpO,(COs)(ct) = NpO,™ +2 COs% + 3 Na* -14.220 + 0.500 22
NaNpO,CO4¢3.5H,0(cr) = NpO," + CO* + 3.5 H,0 + Na* -11.000 + 0.240 22
KNpO,CO4(s) = NpO," + COs%* + K* -13.150 £ 0.190 22
KsNpO»(CO4)x(s) = NpO,* +2 COs% +3K* -15.460 + 0.160 22
NpOgzeH,0(cr) + 2 H" « NpO,* + 2 H,0(l) 5.470 + 0.400 22
NpO,CO4(s) « NpO,*" + COs* -14.596 + 0.469 22
(NH4)4NpO,(CO3)3(s) + & = NpO,* +3 CO% + 4 NH,* -7.223 +0.346 22
K4sNpPO,(CO4)s(s) + & = NpO," +3 CO» +4 K" -6.813 + 0.894 22
Pu(OH)s(am) + 3 H* = Pu®* + 3 H,O(l) 16.900 + 0.800 10
PUCO;0H(am) + H' < Pu®* + CO4% + H,0(l) -6.199 + 1.000 10
PUCO30H«0.5H,0(cr) + H" = Pu® + CO3> + 1.5 H,0(1) -8.399 + 0.500 10
Pu(OH)s(cr) + 3H* = Pu®* + 3 H,0O(l) 15.600 + 0.600 10
Pu,(COs)s(am) = 2 Pu** + 3 COs% -33.400 + 2.200 10
PuPO,(am,hydr) — Pu** + PO,* -24.790 + 0.600 10
PuO,(am) + 4 H" « Pu* + 2 H,0(l) -2.326 +0.520 22
PuO,0H(am) + H* = PuO," + H,0(l) 5.000 + 0.500 22
PUO,(OH),-H,0(cr) + 2 H' < PuO,%* + 3 H,0(l) 5.500 + 1.000 22
PU(HPO,),(am) < Pu** +2 H' + 2 PO,* 5.750 + 0.514 22
PUO,CO4(s) = PuO,?" + COs” -14.650 + 0.470 22
Am(OH)s(am) + 3 H" = Am* + 3 H,0(l) 16.900 + 0.800 22
Am(OH)(cr) + 3 H" = Am* + 3 H,0(l) 15.600 + 0.600 22
Amy(CO3)3(am) < 2 Am** + 3 CO5% -33.400 + 2.200 22
AmMCO;0H(@am) + H = Am* + CO5% + H,0(l) -6.199 + 1.000 22
AMCO;0H0.5H,0(cr) + H* < Am*" + CO5> + 1.5 H,0(l) -8.399 + 0.500 22
NaAm(COs),*5H,0(cr) = Am®* +2 COz* + 5 H,0(l) + Na* -21.000 + 0.500 22
AmPO,(am,hydr) < Am*" + PO,> -24.790 + 0.600 22
Cm(OH)3(am) + 3 H" = Cm* + 3 H,O(l) 16.900 + 0.800 10
Cm(OH)5(cr) + 3H" = Cm* + 3 H,0(l) 15.600 + 0.600 10
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*1

Reaction log;o K° ref. |tv.
Cmy(CO5)5(am) = 2 Cm** + 3 COs% -33.400 + 2.200 10
CmCO30H(am) + H* < Cm*" + COz* + H,0(l) -6.199 + 1.000 10
CmCO30H¢#0.5H,0(cr) + H" = Cm*" + CO5> + 1.5 H,0(l) -8.399 + 0.500 10
NaCm(COs),*5H,0(cr) = Cm** +2 CO;* + 5 H,O(l) + Na* -21.000 + 0.500 10
CmPO4(am,hydr) = Cm*" + PO,> -24.790 + 0.600 10
U0,0x-3H,0(cr) = UO,2* + 0x* + 3 H,0(l) -8.930 +0.314 32
Ca(ox)-H,0(cr) = Ca?* + H,0(l) + ox* -8.730 + 0.060 32
Ca(ox)-2H,0(cr) < Ca?* + 2 H,O(I) + ox* -8.300 + 0.060 32
Ca(ox)-3H,0(cr) < Ca®* + 3 H,O(I) + ox* -8.190 + 0.040 32
Hacit(cr) < cit* + 3H* -13.041 + 0.500 32
Hacit-H,0(cr) « cit® + 3 H' + H,0(l) -12.950 + 0.024 32
Cag(Cit)4H,0(cr) = 3 Ca?* 4 H,0(l) + 2 cit* -17.900 + 0.100 32
Haedta(cr) « edta® +4 H' -27.220 +0.201 32
Ca(isa)(cr) « Ca®* + 2 isa’ -6.400 * 0.200 32

"1 Tentative values.
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